the previous diffraction study' was not in complete agreement with the appearance of the photographs, one of which was available to us. The bridge structure of diborane has now been well established,2 the crystal structure of decaborane (BMoH,4) has been determined,3 and the B&H9 structure has been determined, both from the gas diffraction pattern in the work here to be described4 and from an x-ray study of the crystal by Dulmage and Lipscomb.5 The most impressive attempt at a theory of the compositions and structures, however-Pitzer's protonated double bond theory,6 which based the structures of all the boron hydrides on diborane bridges and on some plausibly assumed conjugation properties of these bridges-has been a casualty: each of the new boron hydride structures has shown little over-all relation to the previous ones and neither involves the diborane bridge. The Structure Determination.-The method used has been outlined in recent reports from this laboratory.7
New photographs were taken with samples kindly provided by Professor H. I. Schlesinger of the University of Chicago and by Doctor I. Shapiro of the Naval Ordnance Test Station, Pasadena. The camera distance was 10 .94 cm. and the electron wave-length 0.0608 A. Independent visual interpretations of the photographs were made by two observers (see Fig. 1 ). and B,-H,, 0.00028 for B2-H3, 0.00060 for B* *H, and zero otherwise, as for diborane,2b and the effective value 1.25 was used for ZH Of the selection of curves shown in Fig. 1 , G, H, and I are acceptable, A, B, and C are doubtful, and D, E, and F are unacceptable. Important items for these conclusions are the depth of min. 4, the shape of doublet 4-5, the relative intensities of minima 6, 7, 8, and 9, the shape of max. 7-min. 8, and the position and shape of doublet 9-10. For the best curves, the only point of substantial disagreement concerns the heights of the first three main maxima; it is almost inconsequential for the parameter determination and probably arises from an underestimate, such as could be expected, of the height of the broad inner max. 1-2.
In terms of B-Bav. = 1.740 A. the best shape parameter values and estimated limits of error, together with the ranges for which intensity curves were calculated, are: B-Hav., 1.288 ±4 0.044 A. The x-ray confirmation of the structure type, which was communicated to us during our parameter determination, made unnecessary any further study of other possibilities, including the unsymmetrical ones described above. The high over-all symmetry and especially the C4, skeletal symmetry have also been confirmed by the microwave investigation.12
Discussion.-The BrHs structure has high ligancies, two for the bridge hydrogen atoms, five for the apical boron atom, and six for the basal boron atoms, in agreement with the principle"3 that electron deficiency gives rise to structures showing ligancies in excess of the respective numbers of suitable atomic orbitals. For the count of ligands, we take the direct B-B interaction of a bridge bond as bonding, although the related B ... B interaction in diborane is often regarded as not bonding. We believe our assumption is the more likely one in view of the comparatively short B-B distance. It also makes the ligancies of hydrogen and boron in the boron hydrides and other high-ligancy compounds of boron more uniformly consistent with the high-ligancy principle, and is the natural assumption to make if these compounds are to be related to ordinary covalent compounds in terms of resonance, following Pauling's discussion of the metals. 14 (and sp3 , for the hydrides) hybrid orbitals on which the bonding is presumably mainly based and because there is surely no lack of more conventional alternatives. For elementary boron, for example, ordinary octahedral coordination in the simple cubic structure would seem suitable, especially in view of its frequent occurrence in complex structures for other atoms which are regarded as forming six half-bonds. 20 To be sure, the icosahedron and octahedron arrangements would seem less anisotropic if the external bonds were stronger than the internal bonds, as indeed is the general indication for B1H9 and decaborane. and that the high-ligancy principle should be revised to say that the high ligancies tend to be achieved in such a way as to minimize the numbers and maximize the distances of next-nearest neighbors, even if the resulting bond arrangements would appear by standards of ordinary covalence to be unduly strained. It may also account for the lack of apparent extra strength of the external bonds where two octahedra or two icosahedra are joined: for the icosahedron, again, each external bond would be opposed principally by ten next-nearest interactions at 1220 and ten second-nearest interactions ( in the opposed orientation. The present situation is evidently related to the cases of cyclopropane and cyclobutane,2' where the energy and C-C bond length in cyclobutane are both greater than normal, apparently because of cross-ring repulsion, while in cyclopropane, in which the repulsion is avoided by formation of the three-membered ring, the bond length is less than normal and the energy still greater than normal, both apparently in consequence of the angle strain. In the high-ligancy boron compounds the relationships are no doubt different, especially because of the complicated resonance situation; nevertheless, the importance of next-nearest neighbor repulsions seems to be verified and there is the additional indication that angle-strain shortening of the internal bonds may also occur. For the calcium boride structure, of course, the role of the metal atoms has also to be considered. 4 We should like to express our thanks to Professor Pauling for his continued helpful interest in the investigation. 
